Since the consequences of feedng and of hyperglycemia tend to diminish glucoprivation, 10th feeding and hyperglycemia may be considered homeostatic ,esponses. We attempted to establish the physiological order of he responding systems which mediate feeding or hyperglycemia )y investigating the sensitivity of each system to glucoprivation )y seeking the threshold dose of-2-DG required to elicit feeding )r hyperglycemia.
In rats, the threshold dose of 2-DG for hypertlycemia was 100 mg/kg; threshold dose for feeding was >4OO "g/kg.
In monkeys, the threshold dose of 2-DG for hyperglycemia ,\ras 80 mg/kg; the threshold dose for feeding was 320 mg/kg. l'hus, in both rats and monkeys the hyperglycemia system is at east 4 times as sensitive as the feeding system to the glucopriva-!on produced by 2-DG. On days when smaller doses of 2-DG ( 100, 200 "g/kg)
were given, the volume of 1% 2-DG solution sufficient to deliver the required dose was mixed with enough 1.8 % saline (w/v) to make the final volume equal to the volume of 1% Z-DG required to deliver 400 mg/kg. On control days an isovdltimetric injection of 1.8 % saline was administered.
All solutions were warmed to 37 C prior to injection.
Solutions of Z-DG were mixed just before each experiment.
The interval between Z-DG injections was never less than 48 hr. Amount of food eaten at 30 and 60 min after an injection of 1.8 70 saline was compared to amount of food eaten during the same time periods on the next day after an isovolumetric injection of Z-DG (1%) or a mixture of Z-DG (1%) and saline (1.8%).
For the measurement of the plasma glucose response to Z-DG, food and water were removed from 95 intact and 22 adrenalectomized rats about 10 AM. The adrenalectomized rats used in the hyperglycemia experiments were maintained on pellets and 0.9% saline. Adrenalectomies were performed by the vendor (Hormone Assays, Chicago).
The perirenal and para-aortic areas of all adrenalectomized rats were carefully searched by one of us (G.P.S.) and no adrenal remnants were found.
Monkey experiments. Eight male rhesus monkeys (Macaca mulatta, 4-6 kg) were subjects for the feeding experiments. Monkeys were equipped with chronic inferior vena caval catheters, adapted to chronic restraint in primate chairs, and maintained in individual booths. Details of preparation and care of macaques under these conditions were published previously ( 13). The monkeys were fed in the morning ( lo-12 noon) and in the afternoon (2-4 PM). On experimental days 2-DC (5 % w/v, 40-320 mg/kg) was injected intravenously by infusion pump (Harvard Apparatus Co.) at a rate of' 10 ml/min just before the afternoon meal. On control days saline (0.9%) was given at the same rate and time. The injections were isovolumetric (36 ml). When the volume of 2-DG solution was less than 36 ml, enough saline (0.9 Y ) o was added to make up the remainder. All solutions were warmed to 37 C prior to injection. The quantity of food (Purina monkey chow, protein 25) eaten at 30, 60, and 120 min after saline or 2-DC injection was calculated by subtracting the weight of the remaining chow from the weight of the chow at the beginning of the meal (200 g). Chow was weighed to 1 g on a dietetic spring scale (no. 1140, Hanson Co.). Amount of food eaten after 2-DG was compared to the amount eaten after saline on the preceding day. The plasma glucose response to 2-DG was studied in SMITH, GIBBS, STROHMAYER, AND STOKES five of six monkeys which were subjects in the feeding experiments and in two additional monkeys. These experiments were carried out under the same feeding schedule. All injections of 2-DC (5 % w/v, 40-100 "g/kg)
were given just before the afternoon meal (2 PM). On experimental days the afternoon meal was delayed approximately 1 hr to permit blood sampling for glucose measurement when monkeys were not eating. Blood samples were collected from the inferior vena caval catheters, and the volume of blood was replaced immediately with an equal volume of saline. Blood samples were processed and measured for glucose and, in some instances, for 2-DG exactly as described above for rat blood samples. The interval between 2-DG injections was never less than 48 hr. Statistical analyses of the effect of doses of 2-DG on plasma glucose in monkeys and rats were performed with Olivetti program no. 18 (t test). Feeding responses to 2-DG were analyzed by the sign test (4).
RESULTS
Rat experiments. Doses of 2-DG > 100 mg/kg produced a significant increase in plasma glucose of intact rats at 30 and 60 min after intraperitoneal injection ( Table  1 ). The increase of glucose was related to the dose of 2-DG over the dose range of 100-400 mg/kg. At the threshold dose of 100 mg/kg 2-DG, the error produced by plasma 2-DC in the measured concentration of plasma glucose did not exceed 1 mg/ 100 ml (range : 10 % of 1 to 10 mg/ 100 ml, n = 7). The glucose response was apparently dependent upon a neuroendocrine mechanism involving the adrenal gland because adrenalectomy abolished the response to 100 mg/kg of 2-DG at both 30 and 60 min after injection. It should be noted in Table 1 that adrenalectomized rats had higher plasma glucose concentrations after saline injections than intact rats. We cannot explain this unexpected obser- 12). Thus, the failure to eat more at lower doses was not due to insensitive rats or odd conditions.
Four of the 18 rats tested ate consistently more after doses of 2-DG 2 100 mg/kg (rats 41, 42, 44, and 45, Table 2 ). Of this group, only rat 42 showed a dose-related effect. Monkey experiments. The threshold dose for hyperglycemia after intravenous 2-DG in monkeys deprived of food for 2 hr was 80 mg/kg (Table  3) . Plasma glucose increased significantly at 5 min after the injection. Hyperglycemia lasted longer than 30 min. The response was dose related; 100 mg/kg produced significantly higher plasma glucose at 30 min than 80 mg/kg produced.
At the threshold dose of 2-DG, the error in the measurement of plasma glucose introduced by plasma 2-DG did not exceed 1 mg/lOO ml. The threshold dose for feeding under the same conditions was 320 mg/kg (Table 4) . This was the most reliable dose in the five monkeys previously reported (12). Monkey 7 ate more after 2-DG in four of five experiments. The response was not reliable at 80 mg/kg, however, and it was not dose related ( 128.6 *7.91*
DISCUSSION
The major result of this study is that the threshold dose of 2-DG that elicits hyperglycemia is <?&h the threshold dose that elicits increased food intake in rats and rhesus monkeys.
The interpretation of this result rests on the assumption that the decrease in glucose utilization is directly related to the dose of 2-DG. This relationship has been demonstrated in vitro and in vivo (1). Thus, the major result of our experiments is evidence that the system producing hyperglycemia is at least 4 times as sensitive to activation by glucoprivation as the system for feeding. This estimate of the difference in sensitivity of the two systems is conservative because the conditions of testing were biased in favor of the feeding system. This bias resulted from the decision to determine the threshold for hyper- All tests were perhrmed after 2 hr of food deprivation.
Five of the seven monkeys wdied here were subjects for the feeding experiments (see Table 4 ).
*Glucose responses significantly different from the response to saline (P < 0.05, t test, one tailed).
glycemia only under those conditions in which the feeding response to Z-DG was reliable.
Thus, we have omitted from this paper results of experiments in monkeys deprived of food for 16 hr because it has not been possible to demonstrate a reliable feeding response to Z-DG under this condition.
Despite this fact, the system for hyperglycemia is more sensitive to glucoprivation by Z-DG (threshold dose is 20-40 mg/kg, unpublished data) than it was in the monkeys reported here. The response of the hyperglycemia system to Z-DG is not only very sensitive, it is also graded. The response of the feeding system in the monkey does not seem to be dose related either in these experiments or in the ones reported previously (12). The lack of a dose-response relationship of the feeding system to Z-DG makes the interpretation of feeding responses to low doses of Z-DG in a minority of the animals difficult to evaluate.
The relatively high threshold of the feeding system appears to be fixed because the threshold dose of Z-DG for eliciting feeding was as high in one adrenalectomized monkey maintained on cortisone as the intact monkeys (unpublished observations).
To be certain, this point requires further investigation.
The difference in sensitivity to activation by glucoprivation of the hyperglycemia system and the feeding system has important implications for the role of glucoprivation in initiating feeding behavior.
Since the hyperglycemia system is more sensitive, it will respond first velops. 8.
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